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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a substrate for nucleic acid amplification, and a method for manufacturing same.

BACKGROUND ART

[0002] A polymerase chain reaction (PCR) method is technique allowing amplification of a specific region of DNA or
RNA to a large amount in vitro. A PCR machine using such technique is used for the amplification of a small amount of
DNA included in blood in hospitals, research centers, etc., and the PCR machine is also used for diagnosing various
diseases including malaria, tuberculosis, hepatitis, etc.

[0003] PCR is conducted through one cycle of three steps including denaturation, annealing and elongation, and the
rapid rise and drop of temperature in line with the temperature suitable for each step is very important for reducing PCR
reaction time. That is, PCR requires the instant shift of the temperature in line with the temperature set for each step,
but if time delay is generated during the process for changing the temperature to the preset temperature, a reaction rate
is degraded, total PCR reaction time increases, and there are problems of arising unnecessary reactions to produce by-
products. Particularly, the decrease of the PCR time enables prompt diagnosis on the spot of infectious diseases which
are recently spread rapidly, and plays an important role of serving early disinfection.

[0004] However, the conventionally used PCR machine uses electrical energy as a thermal energy source, and a long
time of about 1 hour or more is required for completing nucleic acid amplification reaction, and since accessories including
a heating instrument and a heat sink are necessary, there are problems of inconvenience in that the apparatuses occupy
much space. Accordingly, the application on the spot requiring the prompt diagnosis of diseases is a little bitinconvenient.
In addition, Korean Laid-open Patent Publication No. 2017-0106995 discloses a light energy-based PCR system, but
there are problems in that PCR is performed in a liquid phase, multiple diagnoses in one chamber is impossible, and
the recovery of a used primer is impossible. Particularly, due to a high price, the enlargement of the apparatus and long
detection time (1 hour or more), the conventional PCR machine is inconvenient to carry, and immediate diagnosis on
the spot is limited.

[0005] Therefore, research on PCR for stable, rapid and precise diagnosis irrespective of high temperature and rapid
change of the temperature, is steadily being conducted.

[Prior Art Document]
[0006] (Patent Document 1) Korean Laid-open Patent Publication No. 2017-0106995

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0007] The presentinvention has been devised to solve the above-described problems and provides a substrate for
nucleic acid amplification serving stable and rapid multiple PCR reactions by immobilizing a primer on the surface of a
metal layer using an N-heterocyclic carbene compound as a linker, while amplifying nucleic acid using thermal energy
generated by irradiating light energy.

TECHNICAL SOLUTION

[0008] The presentinvention provides a substrate for nucleic acid amplification including a transparent matrix, a metal
layer formed on the transparent matrix, an N-heterocyclic carbene compound having one end bonded to the surface of
the metal layer and a primer immobilized on the other end of the N-heterocyclic carbene compound.

[0009] Inaddition, the present invention provides a method for manufacturing a substrate for nucleic acid amplification,
including forming a metal layer on a transparent matrix, introducing one end of an N-heterocyclic carbene compound
onto the surface of the metal layer, and immobilizing a primer on the other end of the N-heterocyclic carbene compound.

ADVANTAGEOUS EFFECTS

[0010] In case of using the substrate for nucleic acid amplification of the presentinvention in polymerase chain reaction
(PCR), by immobilizing a primer after annealing an N-heterocyclic carbene compound on the surface (solid phase) of a
metal layer, PCR reaction may be more stable at high temperature and completed in a very short time when compared
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with a case of using a linker by the bond between a metal and thiol (-SH).

[0011] In addition, according to the PCR reaction on a solid phase (transparent matrix/metal layer), the recovery of a
primer after the PCR reaction is easy, and various types of primers could be immobilized on the N-heterocyclic carbene
compound at the surface of each metal layer, and thus, the simultaneous amplification of diverse nucleic acids is possible,
and there are advantages of performing multiple PCR reactions.

BRIEF DESCRIPTION OF THE INVENTION

[0012]

FIG. 1 is a diagram schematically showing a series of light-based PCR reaction using the substrate for nucleic acid
amplification of the present invention.

FIG. 2 is a diagram schematically showing a light-based PCR machine on a solid phase using the substrate for
nucleic acid amplification of the present invention.

FIG. 3 is a diagram showing a gold (Au) layer formed on a transparent matrix included in the substrate for nucleic
acid amplification of the present invention.

FIG. 4 is a diagram showing "H-NMR spectrum of N-heterocyclic carbene compound 1 prepared according to
Preparation Example 1 of the present invention.

FIG. 5 is a diagram showing "H-NMR spectrum of N-heterocyclic carbene compound 2 prepared according to
Preparation Example 2 of the present invention.

FIG. 6 is a diagram showing 'H-NMR spectrum of N-heterocyclic carbene compound 3 prepared according to
Preparation Example 3 of the present invention.

FIG. 7 is a diagram showing "H-NMR spectrum of N-heterocyclic carbene compound 4 prepared according to
Preparation Example 4 of the present invention.

FIG. 8 is a diagram showing 'H-NMR spectrum of N-heterocyclic carbene compound 5 prepared according to
Preparation Example 5 of the present invention.

FIG. 9 is a diagram showing time required for performing 40 cycles of PCR reaction according to Examples 1 and
2 of the present invention.

FIG. 10 is a diagram showing XPS elemental analysis results of a gold (Au) layer on which N-heterocyclic carbene
compound 4 bonded according to Example 1 of the present invention.

FIG. 11 is a diagram schematically showing a series of process for immobilizing a primer on a gold (Au) layer using
N-heterocyclic carbene compound 4 according to the present invention.

FIG. 12 is a diagram schematically showing a series of process for immobilizing a primer on a gold (Au) layer using
N-heterocyclic carbene compound 4 of the present invention.

FIG. 13 is a diagram showing a transparent matrix and a metal layer formed on the transparent matrix according to
an embodiment of the present invention.

FIG. 14 is a diagram showing a transparent matrix and a metal layer formed on the transparent matrix according to
an embodiment of the present invention.

FIG. 15 is a diagram showing time required for performing 40 cycles of PCR reaction according to Example 3 of the
present invention.

FIG. 16is adiagram showing detection results using a fluorescence material after performing PCR reaction according
to Example 1 of the present invention.

FIG. 17 is adiagram showing detection results using a fluorescence material after performing PCR reaction according
to Example 2 of the present invention.

FIG. 18is adiagram showing detection results using a fluorescence material after performing PCR reaction according
to Example 3 of the present invention.

FIG. 19is adiagram showing detection results using a fluorescence material after performing PCR reaction according
to Comparative Example 1 of the present invention.

FIG. 20 is a diagram showing a transparent matrix including a gold mesh according to an embodiment of the present
invention.

FIG. 21 is a diagram showing time required for performing 40 cycles of PCR reaction in case of including a metal
mesh as in FIG. 20.

FIG. 22 is a diagram showing electrophoretic results confirming the completion of PCR reaction after performing
PCR reaction according to Example 1 of the present invention.

[Explanation on symbols]

[0013]
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10: transparent matrix
20: metal layer

30: thermocouple

MODE FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, the present invention will be explained in detail.

[0015] The presentinvention provides a substrate for nucleic acid amplification including: a transparent matrix; a metal
layer formed on the transparent matrix; an N-heterocyclic carbene compound having one end bonded to the surface of
the metal layer; and a primer immobilized on the other end of the N-heterocyclic carbene compound.

[0016] The substrate for nucleic acid amplification may be used in polymerase chain reaction (PCR) which is molecular
biological technique for duplicating and amplifying a desired segment of DNA or RNA.

[0017] The first step of PCR is a step for denaturing DNA (or RNA). Two strands of DNA may be separated by heating,
and each separated DNA plays the role of a template. The denaturation temperature is generally 90°C to 96°C, but is
changed according to the amount of bases G+C in DNA and the length of DNA. The second step of PCR is a step of
annealing. In this step, two types of primers are annealed to each complementary template DNA. The annealing tem-
perature is an important factor for determining the accuracy of reaction, and if the temperature is too high, the primer
may be annealed on DNA too weakly, and the product of amplified DNA may be very small. If the temperature is too
low, the primer may be non-specifically annealed, and undesired DNA may be amplified. General annealing temperature
is 50°C to 65°C. The third step of PCR is a step of elongation. In this step, DNA polymerase resistant to heat produces
new DNA in template DNA. In this case, the elongation temperature is 70°C to 75°C. As described above, there are a
series of three steps in the PCR reaction, and if the three steps are set to 1 cycle, the PCR reaction is performed by
about 30 to 40 cycles.

[0018] The substrate for nucleic acid amplification may be used in light-based PCR using thermal energy produced
by the irradiation of light energy during the above-described PCR.

[0019] The light-based PCR may use plasmonic photothermal conversion by the interaction of photons, electrons and
phonons at the surface of a metal. Particularly, if photons reach the surface of a metal layer from an excited energy
source, light-absorption occurs, and electrons around the surface are excited to a higher state to form electrons of high
temperature. According to the rapid diffusion and uniform distribution of such electrons of high temperature to the whole
metal layer, a metal layer of high temperature may heat surrounding solutions. In addition, the electrons of high temper-
ature may be cooled again by energy exchange with lattice phonons.

[0020] The temperature of the metal layer in which plasmons are excited as described above may be elevated to
maximum 500°C, and a PCR specimen solution around the metal layer may be heated to 150°C or more in a short time.
[0021] The transparent matrix may be manufactured so that light irradiated from a light source positioned under a
counter surface to the metal layer formed is transferred to the metal layer without loss, and adhesiveness with the metal
layer is excellent.

[0022] The light source is not limited only if generating ultraviolet rays, visible rays or infrared rays, and may use a
halogen lamp, an LED lamp, a fluorescent lamp, an incandescent lamp, an arc source lamp, an infrared lamp, an HMI
lamp, a UV lamp, etc., preferably, an LED lamp considering power efficiency and economic feasibility.

[0023] The transparent matrix may be formed using a transparent material so as to transmit light irradiated, and may
be formed using a material which is hardly deformed by light or heat. Preferably, a glass matrix, a plastic matrix, a silicon
matrix, etc., may be used, but is not limited thereto.

[0024] The transparent matrix has a constant thickness, and the thickness of the transparent matrix may be from 0.1
mm to 10 mm, preferably, from 0.5 mm to 5 mm, more preferably, from 0.5 mm to 1.5 mm. If the thickness of the
transparent matrix satisfies the above-described range, thermal energy by light energy irradiated from a light source
may be efficiently transferred, and a PCR reaction cycle may be optimized.

[0025] The transparent matrix may include a two-dimensional matrix of a planar type; a three-dimensional matrix
selected from a spherical type, a hemispherical type, a polyhedral type, a polyprism type, or a cylindrical type; or a
mixture type thereof. For example, as in FIG. 13 and FIG. 14, the transparent matrix may include a matrix of a mixture
type of a three-dimensional matrix in which at least one partial surface of the polyhedral type matrix includes a hemi-
spherical type matrix.

[0026] In case where the transparent matrix includes the three-dimensional matrix as described above, PCR reaction
may be performed at many faces, and there are advantages in that diverse nucleic acids may be amplified simultaneously,
and multiple diagnosis may be possible.

[0027] The substrate for nucleic acid amplification may utilize a metal layer for utilizing thermal energy by the irradiation
of light energy. In case of using the metal layer, the temperature may be instantly elevated to maximum 500°C, and the
temperature change in the temperature range (from about 50°C to 95°C) of the PCR cycle may be promptly conducted.
[0028] The metal layer may include a metal thin film.
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[0029] The metal layer may further include a metal mesh. In case where the metal layer further includes a metal mesh,
the metal mesh may be formed first on the transparent matrix, and then the metal layer may be formed on the metal
mesh. In case where the metal layer further includes the metal mesh, prompt heating and cooling may be possible when
compared with a case of using only a metal layer, the temperature change of a PCR cycle may be promptly conducted,
and more efficient PCR reaction may be performed.

[0030] AsinFIG. 20, if a metal mesh is provided, the temperature change in the temperature range (from about 50°C
to 95°C) of the PCR cycle may be promptly conducted, and as in FIG. 21, it could be confirmed that the time required
for performing 40 cycles of the PCR reaction is significantly short and about 7 minutes.

[0031] In case where the metal layer is formed on the transparent matrix, the metal layer may be formed on at least
one face of the transparent matrix. In this case, the metal layer may be formed on the whole face of the at least one
face of the transparent matrix, or may be partially formed on the at least one face of the transparent matrix. That is, on
the transparent matrix, one metal layer may be formed, or multiple metal layers may be formed.

[0032] The metal mesh may have a two-dimensional or three-dimensional structure, and in this case, the mesh may
include a polygonal pattern including a triangle, a tetragon, a pentagon and hexagon, or a circular pattern.

[0033] In case where the mesh includes a polygonal pattern, the length of one side of the mesh may be from 50 to
200 pm, and in case where the mesh includes a circular pattern, the diameter of the mesh may be from 50 to 200 pm.
In addition, the spacing of the mesh may be from 1 to 5 um, particularly, 1 to 2 um. The thickness of the metal mesh
may be from 10 nm to 200 nm, particularly, from 100 to 200 nm. In case where the thickness of the metal mesh and the
size of the mesh satisfy the above-described ranges, prompt heating and cooling may become possible, and the tem-
perature change of the PCR cycle may be promptly conducted when compared with a case of using only a metal layer.
[0034] The metal layer may include any one selected from the group consisting of copper (Cu), silver (Ag), gold (Au),
palladium (Pd), platinum (Pt), rhodium (Rh) and combinations thereof (for example, bimetallic nanoparticles). Preferably,
gold (Au) which has excellent bonding properties with an N-heterocyclic carbene compound and stability and rapid light-
absorption, may be included.

[0035] The method of coating the metal layer on one side of the transparent matrix may use any coating or deposition
technique without limitation, and the transparent matrix may be formed into a uniform thickness by a method of chemical
vapor deposition (CVD), physical vapor deposition (PVD), thermal evaporation deposition, sputtering deposition or atomic
layer deposition (ALD).

[0036] The thickness of the metal layer may be from 10 nm to 200 nm. If the thickness of the metal layer is greater
than the range, there are problems in that the metal layer may be damaged during the step of immobilizing a linker, or
a linker may be non-uniformly formed.

[0037] A gold (Au) layer formed on the transparent matrix is shown in FIG. 3.

[0038] As a linker for immobilizing the primer on the surface of the metal layer, an N-heterocyclic carbene compound
may be used. The N-heterocyclic carbene compound may be introduced onto the surface of the metal layer through a
metal-carbene bond.

[0039] Particularly, in case of a linker having a thiol (-SH) group used in the conventional solid phase PCR, there are
problems of degrading the reproducibility of PCR reaction results due to the unstability (cleaving of a metal-sulfur bond)
of ametal-sulfurbond athigh temperature (about 90°C). In contrast, in case of using the N-heterocyclic carbene compound
as alinker for immobilizing the primer onto the metal layer, though the surface temperature of the metal layer temporarily
rises to maximum 500°C by a light source, stability at high temperature may be achieved due to a metal-carbene bond,
and the application thereof to a PCR machine using light energy is possible.

[0040] The N-heterocyclic carbene compound may be represented by Chemical Formula 1 or 2 below.

[Chemical Formula 1]

R3 R4

pt — NN —r2
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[Chemical Formula 2]

R3 R9

R7 R10

R5S—"""\_~" ~~R6

[0041] In Chemical Formulae 1 and 2,

R1, R2, R5 and R6 are the same or different, and are each independently hydrogen, an alkyl group of 1 to 20 carbon
atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms or a heteroaryl group of
2 to 30 carbon atoms,

R3, R4, R7, R8, R9 and R10 are the same or different, and are each independently hydrogen, an alkyl group of 1
to 20 carbon atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms, a heteroaryl
group of 2 to 30 carbon atoms or a structure represented by Chemical Formula 3 below, where adjacent two or
more substituents among R7 to R10 are bonded to form a hydrocarbon ring,

at least one of R3 and R4 is the structure represented by Chemical Formula 3 below, and

at least one of R7 to R10 is substituted with the structure represented by Chemical Formula 3 below, or in case
where adjacent two or more substituents among R7 to R10 are bonded to form a hydrocarbon ring, at least one of
carbon atoms forming the hydrocarbon ring is substituted with the structure represented by Chemical Formula 3
below,

[Chemical Formula 3]

—<—0 ( CHy CHo 0 )n A

in Chemical Formula 3,

n is a repeating number of a unit in parenthesis and an integer of 1 to 30, and
A is a nitrogen (N)-containing alkyl group of 1 to 20 carbon atoms or a nitrogen (N)-containing heteroaryl group of
2 to 30 carbon atoms.

[0042] R1, R2,R5 and R6 may be the same or different, and may be each independently hydrogen, an alkyl group of
1 to 20 carbon atoms or an aryl group of 6 to 30 carbon atoms.

[0043] R1, R2,R5 and R6 may be the same or different, and may be each independently hydrogen, an alkyl group of
1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms.

[0044] R1, R2, R5 and R6 may be the same or different, and may be each independently hydrogen or an alkyl group
of 1 to 10 carbon atoms.

[0045] R1,R2,R5and R6 may be the same or different, and may be each independently hydrogen, isopropyl or benzyl.
[0046] At least one of R1 and R2 and at least one of R5 and R6 may be the same or different, and may be each
independently an alkyl group of 1 to 20 carbon atoms or an aryl group of 6 to 30 carbon atoms.

[0047] At least one of R1 and R2 and at least one of R5 and R6 may be the same or different, and may be each
independently isopropyl or benzyl.

[0048] R3, R4, R7,R8, R9 and R10 may be the same or different, and may be each independently hydrogen, an alkyl
group of 1 to 20 carbon atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms, a
heteroaryl group of 2 to 30 carbon atoms or the structure represented by Chemical Formula 3, or two or more adjacent
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substituents among R7 to R10 may be bonded to form a hydrocarbon ring.

[0049] RS3, R4, R7, R8, R9 and R10 may be the same or different, and may be each independently hydrogen or the
structure represented by Chemical Formula 3, or two or more adjacent substituents among R7 to R10 may be bonded
to form a hydrocarbon ring.

[0050] In case where two or more adjacent substituents among R7 to R10 are bonded to form a hydrocarbon ring, at
least one carbon forming the hydrocarbon ring may be substituted with the structure represented by Chemical Formula 3.
[0051] Atleast one of R3 and R4 may be the structure represented by Chemical Formula 3. In addition, at least one
of R7 to R10 may be the structure represented by Chemical Formula 3.

[0052] The nis a repeating number of the unit in parenthesis and may be an integer of 1 to 30, preferably, 1 to 10.
More preferably, 1 to 3.

[0053] The A is a nitrogen (N)-containing alkyl group of 1 to 20 carbon atoms, or a nitrogen (N)-containing heteroaryl
group of 2 to 30 carbon atoms. Particularly, A may be azide, phthalimide, or amine.

[0054] Inthe presentinvention, an "adjacent" group may mean a substituent directly coupled with an element at which
acorresponding substituentis substituted, a sterically most nearly positioned substituent to the corresponding substituent,
or another substituent substituted at an element at which the corresponding substituent is substituted. For example, two
substituents substituted at ortho position in a benzene ring, and two substituents substituted at the same carbon in an
aliphatic ring may be interpreted as the "adjacent" group.

[0055] The alkyl group may be a linear chain or a branched chain, and the carbon number may be 1 to 20, preferably,
1 to 10. More preferably, the carbon number may be 1 to 6. Particular examples of the alkyl group may include methyl,
ethyl, propyl, n-propyl, isopropyl, butyl, n-butyl, isobutyl, tert-butyl, sec-butyl, 1-methylbutyl, 1-ethylbutyl, pentyl, n-pentyl,
isopentyl, neopentyl, tert-pentyl, hexyl, n-hexyl, 1-methylpentyl, 2-methylpentyl, 4-methyl-2-pentyl, 3,3-dimethyl butyl,
2-ethylbutyl, heptyl, n-heptyl, 1-methylhexyl, cyclopentylmethyl, cyclohexylmethyl, octyl, n-octyl, tert-octyl, 1-methylhep-
tyl, 2-ethylhexyl, 2-propylpentyl, n-nonyl, 2,2-dimethylheptyl, 1-ethylpropyl, 1,1-dimethylpropyl, isohexyl, 4-methylhexyl,
5-methylhexyl, benzyl, etc., but is not limited thereto.

[0056] The cycloalkyl group may have 3 to 20 carbon atoms, preferably, 3 to 10 carbon atoms. Particular examples
of the cycloalkyl group may include cyclopropyl, cyclobutyl, cyclopentyl, 3-methylcyclopentyl, 2,3-dimethylcyclopentyl,
cyclohexyl, 3-methylcyclohexyl, 4-methylcyclohexyl, 2,3-dimethylcyclohexyl, 3,4,5-trimethylcyclohexyl, 4-tert-butylcy-
clohexyl, cycloheptyl, cyclooctyl, etc., but is not limited thereto.

[0057] The aryl group may have 6 to 30 carbon atoms, preferably, 6 to 10 carbon atoms. The aryl group may be a
monocyclic aryl group or a polycyclic aryl group. Particular examples of the monocyclic aryl group may include a phenyl
group, a biphenyl group, a terphenyl group, etc., and particular examples of the polycyclic aryl group may include a
naphthyl group, an anthracenyl group, a phenanthryl group, a pyrenyl group, a perylenyl group, a chrysenyl group, a
fluorenyl group, a triphenylene group, etc., but is not limited thereto.

[0058] The heteroaryl group is an aromatic ring group including one or more selected from N, O, P, S, Si and Se as
heteroatoms, and the carbon number may be 2 to 30, preferably, 2 to 20. Particular examples of the heteroaryl group
may include a thiophene group, a furan group, a pyrrole group, an imidazole group, a thiazole group, an oxazole group,
an oxadiazole group, a triazole group, a pyridyl group, a pyrimidyl group, a triazine group, a triazole group, an acridyl
group, a quinolinyl group, a quinazoline group, a quinoxalinyl group, a phthalazinyl group, an isoquinoline group, an
indole group, a carbazole group, a benzoxazole group, a benzimidazole group, a benzothiazole group, a benzocarbazole
group, a benzothiophene group, a dibenzothiophene group, a benzofuranyl group, etc., but is not limited thereto.
[0059] In addition, the alkyl group, the cycloalkyl group, the aryl group, the heteroaryl group or the hydrocarbon ring
may be further substituted or unsubstituted with an alkyl group, a cycloalkyl group, an aryl group or a heteroaryl group.
[0060] On the surface of the metal layer, one end of the N-heterocyclic carbene compound may be bonded, an in this
case, a metal-carbene bond may be formed by a method of chemical vapor deposition (CVD), physical vapor deposition
(PVD), thermal evaporation deposition, sputtering deposition, atomic layer deposition (ALD) or chemical-bath deposition
(CBD).

[0061] According to an embodiment of the present invention, a series of mechanism of bonding one end of the N-
heterocyclic carbene compound on the surface of the metal layer by a chemical vapor deposition method is shown in
FIG. 11, and a series of mechanism of bonding one end of the N-heterocyclic carbene compound on the surface of the
metal layer by a chemical-bath deposition method is shown in FIG. 12.

[0062] At the other end of the N-heterocyclic carbene compound, a primer may be bonded and immobilized.

[0063] The otherend of the N-heterocyclic carbene compound may be functionalized with azide, phthalimide, or amine.
[0064] If the other end of the N-heterocyclic carbene compound is functionalized with azide, phthalimide, or amine, a
primer may be bonded to the azide, phthalimide, or amine using click reaction as shown in FIGS. 11 and 12. Accordingly,
in contrast to the general bonding of the primer with the metal layer by an electrostatic attraction, the primer may be
immobilized onto the metal layer through a stronger chemical bond, and if used in the PCR reaction of a solid phase of
high temperature, effects of excellent stability, and improved storability and ease of storage may be achieved.

[0065] The primer may be a primer of at least one type. The primer of at least one type may mean any one selected
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from primers which may make complementary bond with different amplification target template DNA (or RNA).

[0066] The primer may be a primer of two or more different types. In case where the primer is the primer of two or
more different types, any one among a pair of primers which may make complementary bond with a first template DNA
(or RNA) to be amplified, and any one among a pair of primers which may make complementary bond with a second
template DNA (or RNA) to be amplified. Here, the first template DNA (or RNA) and the second template DNA (or RNA)
may mean DNA (or RNA) having different base sequences.

[0067] As described above, by immobilizing a primer capable of elongating different template DNA (or RNA) onto the
other end of the N-heterocyclic carbene compound which is bonded onto the surface of the metal layer, diverse DNA
(or RNA) may be amplified at the same time, and the diagnosis by multiple PCR reactions may be possible inone chamber.
[0068] The present invention also provides a method for manufacturing a substrate for nucleic acid amplification,
including: forming a metal layer on a transparent matrix; introducing one end of an N-heterocyclic carbene compound
onto the surface of the metal layer; and immobilizing a primer on the other end of the N-heterocyclic carbene compound.
[0069] FIG. 1isadiagram schematically showing a series of a process of light-based PCR reaction using the substrate
for nucleic acid amplification of the present invention.

[0070] The schematic explanation on a process for performing the light energy-based PCR reaction using the substrate
for nucleic acid amplification of the present invention is as follows, but the PCR reaction is not limited only to the method
described below.

[0071] A PCR specimen including amplification target template DNA, dNTP, Taq polymerase, etc., is prepared. Two
types of primers (forward primer, reverse primer) making complementary bond with the template DNA are prepared. A
portion of the forward primer is immobilized by bonding with the end of the transparent matrix/metal layer/N-heterocyclic
carbene compound linker, which is the substrate for nucleic acid amplification of the present invention, and the remaining
forward primer and reverse primer are included in the PCR reaction specimen. Then, light energy is irradiated by a light
source (LED, etc.) positioned under the transparent matrix, and PCR reaction is performed.

[0072] In the conventional PCR substrate in which a primer is immobilized on the surface of a metal layer by a metal-
sulfur bond using a thiol (-SH) group as a linker, there are problems in that the metal-sulfur bond is liable at high
temperature (about 90°C or more), and the linker is easily separated. Accordingly, the application thereof to light energy-
based PCR by which the surface temperature by the light energy is elevated to 500°C, is impossible, and the application
thereof is possible only to a PCR machine using thermal energy converted from electrical energy.

[0073] However, in case of performing PCR reaction using the substrate for nucleic acid amplification of the present
invention, the N-heterocyclic carbene compound is attached onto the surface (solid phase) of the metal layer as a linker,
and then the primer is immobilized, and accordingly, stability at high temperature is better in contrast to a linker by the
bonding of the metal and thiol (-SH), and thus, the application to a PCR machine using thermal energy converted from
light energy is possible, prompt temperature control of the metal layer by the irradiation of light energy is possible, and
the PCR reaction may be completed within a very short time with about 12 minutes to 15 minutes for performing 40
cycles for the PCR reaction.

[0074] In addition, as described above, since the amplification of diverse nucleic acids at the same time is possible
by using the primer of at least one type (or a primer of different two types), there are advantages in that multiple PCR
reactions may be performed and more precise diagnosis may be served. In addition, different from PCR which is performed
only in a liquid phase, the substrate for nucleic acid amplification may be easily recovered after the PCR reaction, and
the storage of the primer is easy, and the regeneration thereof is possible.

[0075] Hereinafter, the present invention will be explained in more detail referring to preferred embodiments.

[0076] However, these embodiments are for explaining the present invention more particularly, and the scope of the
present invention is not limited thereto.

<Preparation Example>
<Preparation Example 1>

[0077]

OH 0 \/\/\Br

Br\/\/\ Br

_

K2CO3 , ACN
HoN- NOo HoN© NOo
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O\/\/\Br O\/\/\NS
Fe, NH4CI NaN 5
[ PA
HN_ N HN_ N

N

0
2—Iodopropan§
C82C03 ,AN

>N\|/{N+<
O\/\/\Ns

ec?

[0078] According to the reaction above, N-heterocyclic carbene compound 1 was prepared.
[0079] In FIG. 4, the TH-NMR spectrum of N-heterocyclic carbene compound 1 is shown.

1.0M KHMDS in THF
THF

<Preparation Example 2>

[0080]

OH O\V/\V/‘Br
g::? Br\/“w/\Br
K»COs ,ACN

HzN NO » HoN NO
0 ~"Br 0~""Na
Fe, NH4Cl NaN 3
—_— E—
| PA
HN. N HN
Benzy| bromide <:::;
CSQCO@, ,AN S\
& D
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0.~ Ns

1.0M KHMDS in THF

e [
™0

[0081] According to the reaction above, N-heterocyclic carbene compound 2 was prepared.
[0082] In FIG. 5, the TH-NMR spectrum of N-heterocyclic carbene compound 2 is shown.

<Preparation Example 3>

[0083]

0
OH Br/\\/~\/N;§:: Q
o, e |

- N
AN K 5C0s 0
H.N NOS
HoN NO»
0
N:§::
Fe. NH.Cl 0 ¢
| PA
HN N

0
2—lodopropan§ Q 0
C82C03,AN

OQ
N
1.0M KHWDS in THF 0
o Q
\/

[0084] According to the reaction above, N-heterocyclic carbene compound 3 was prepared.
[0085] In FIG. 6, the TH-NMR spectrum of N-heterocyclic carbene compound 3 is shown.
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<Preparation Example 4>

[0086]

OH Br%%\v/o%;/A\Br O%”\V/O%;/“\Br
Q -

K-CO3 ,ACN
HoN NO » HoN NO »

O%%\V/O%;/“\Br
Fe, NH4Cl

B —— e

[ PA

2-1 odopropane

C82C03,AN N N
1.0M KHMDS in Tﬂf

THF
Nt

[0087] According to the reaction above, N-heterocyclic carbene compound 4 was prepared.
[0088] In FIG. 7, the TH-NMR spectrum of N-heterocyclic carbene compound 4 is shown.
<Preparation Example 5>

g 74
OH g ¥
s RS

0
K2COs ,ACN O-&{/\

[0089]

HoN  NO»
HoN - NO»

1"
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0

N
Fe, NH4Cl OVO\@ 5

"0

CSQCOg,AN

2—Iodopropan§ OVO 3 0

N
1.0M KHMDS in THF oJ\fOngv 0

THF

[0090] According to the reaction above, N-heterocyclic carbene compound 5 was prepared.
[0091] In FIG. 8, the TH-NMR spectrum of N-heterocyclic carbene compound 5 is shown.

<Example>
<Example 1>

[0092] As template DNA, a lung cancer cell line, cDNA of A549 was used, and a PCR reactant of a liquid phase
including dNTP, Taq polymerase, a reverse primer below and a forward primer below was prepared.

[0093] By using N-heterocyclic carbene compound 4 prepared in Preparation Example 4, a forward primer below was
immobilized on the surface of a gold (Au) layer deposited by CVD on a planar type glass matrix. The substrate on which
the forward primer was immobilized was putin a PCR reactant of a liquid phase, which included a relatively small amount
of the forward primer, and by using the machine of FIG. 2, PCR reaction of 40 cycles was performed. The time required
for performing 40 cycles of the PCR reaction is shown in FIG. 9, and 5 pl of the PCR reaction resultant was loaded on
1 wt% of an agarose gel, and electrophoresis (Mupid 2Plus of GenomicBase Co.) was performed under conditions of
100V and 20 minutes. In comparison to the conventional RT PCR reaction resultant, the completion of the PCR reaction
using the PCR substrate of the present invention was confirmed through FIG. 22.

[Primer immobilized onto substrate of solid phase]
[0094]

- Forward primer: 5-Amino(C12)-TTTTTTTTTTGACCCAATCATGAGCACTGCTTT-3’

12
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[Primer in PCR reactant of liquid phase]
[0095]

- Forward primer: 5-GACCCAATCATGAGCACTG-3
- Reverse primer: 5-TGAAGCGACCCTCTGATG-3’

<Example 2>

[0096] In Example 1, PCR reaction was performed by the same method in Example 1 except for using a mutated lung
cancer cell line, cDNA of NCI-H-1975 instead of the lung cancer cell line, cDNA of A549, as the template DNA.

<Example 3>

[0097] In Example 1, PCR reaction was performed by the same method in Example 1 except for using a hexahedral
glass matrix as in FIG. 13 and FIG. 14 instead of the planar type glass matrix.

<Comparative Example 1>

[0098] PCR reaction was performed by the same method in Example 1 except for performing the PCR reaction without
the template DNA.

[0099] The PCR products of Examples 1 to 3 and Comparative Example 1 were treated with EtBr, fluorescence was
measured, and the results are shown in FIG. 16 to FIG. 19.

[0100] Accordingto FIG. 19, in Comparative Example 1 in which the template DNA was not used, and the PCR reaction
was not performed, fluorescence was not generated. In contrast, according to FIG. 9, FIG. 16 and FIG. 17, in Examples
1 and 2 which used the cDNA of A549 cell line and NCI-H-1975 cell line as the templates, sufficient PCR products were
produced within a short time of about 15 minutes in both Examples 1 and 2, and the generation of fluorescence was
confirmed.

[0101] According to FIG. 15 and FIG. 18, in Example 3 which used the hexahedral glass matrix, a sufficient PCR
product was produced within about 8 to 9 minutes, and the generation of fluorescence was confirmed.

[0102] In the above, only given embodiments of the present invention have been explained in detail, but various
variations and modifications are apparent to a person in this art within the technical scope of the present invention, and
such variations and modifications are certainly included in the appended claims.

Claims
1. A substrate for nucleic acid amplification, comprising:
a transparent matrix;
a metal layer formed on the transparent matrix;
an N-heterocyclic carbene compound having one end bonded to the surface of the metal layer; and
a primer immobilized on the other end of the N-heterocyclic carbene compound.
2. The substrate for nucleic acid amplification according to claim 1, wherein the transparent matrix comprises at least
one matrix selected from a two-dimensional matrix of a planar type; at least one three-dimensional matrix selected
from a spherical type, a hemispherical type, a polyhedral type, a polyprism type, and a cylindrical type; and a mixture

type thereof.

3. The substrate for nucleic acid amplification according to claim 1, wherein the metal layer further comprises a metal
mesh.

4. The substrate for nucleic acid amplification according to claim 1, wherein the metal layer comprises gold (Au) .

5. The substrate for nucleic acid amplification according to claim 1, wherein the other end of the N-heterocyclic carbene
compound is functionalized with azide, phthalimide, or amine.

6. The substrate for nucleic acid amplification according to claim 1, wherein the N-heterocyclic carbene compound is

13
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represented by the following Chemical Formula 1 or 2:

[Chemical Formula 1]

R3 R4

pt — NN —r2

[Chemical Formula 2]

R3 R9

R7 R10

R5—"""\_~" ~~R6

in Chemical Formulae 1 and 2,

R1, R2, R5 and R6 are the same or different, and are each independently hydrogen, an alkyl group of 1 to 20
carbon atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms or a heteroaryl
group of 2 to 30 carbon atoms,

R3, R4, R7, R8, R9 and R10 are the same or different, and are each independently, hydrogen, an alkyl group
of 1 to 20 carbon atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms, a
heteroaryl group of 2 to 30 carbon atoms or a structure represented by the following Chemical Formula 3, where
adjacent two or more substituents among R7 to R10 are bonded to form a hydrocarbon ring,

at least one of R3 and R4 is the structure represented by the following Chemical Formula 3, and

at least one of R7 to R10 is substituted with the structure represented by the following Chemical Formula 3, or
in case where adjacent two or more substituents among R7 to R10 are bonded to form a hydrocarbon ring, at
least one of carbon atoms forming the hydrocarbon ring is substituted with the structure represented by the
following Chemical Formula 3:

[Chemical Formula 3]

—<c—0 ( CH» CH, 0 )n A

in Chemical Formula 3,

n is a repeating number of a unit in parenthesis and an integer of 1 to 30, and
Ais a nitrogen (N)-containing alkyl group of 1 to 20 carbon atoms or a nitrogen (N)-containing heteroaryl group
of 2 to 30 carbon atoms.

The substrate for nucleic acid amplification according to claim 1, wherein the primer is a primer of at least one type.

14
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8. A method for manufacturing a substrate for nucleic acid amplification, the method comprising:
forming a metal layer on a transparent matrix;
introducing one end of an N-heterocyclic carbene compound onto the surface of the metal layer; and
immobilizing a primer on the other end of the N-heterocyclic carbene compound.
9. Themethod for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the transparent
matrix comprises at least one matrix selected from a two-dimensional matrix of a planar type; at least one three-
dimensional matrix selected from a spherical type, a hemispherical type, a polyhedral type, a polyprism type, and

a cylindrical type; and a mixture type thereof.

10. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the metal
layer further comprises a metal mesh.

11. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the one end
of the N-heterocyclic carbene compound is introduced onto the surface of the metal layer through a metal-carbene

bond.

12. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the other end
of the N-heterocyclic carbene compound is functionalized with azide, phthalimide, or amine.

13. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the primer is
immobilized on the other end of the N-heterocyclic carbene compound by click reaction.

14. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the metal
layer comprises gold (Au).

15. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the N-hete-
rocyclic carbene compound is represented by the following Chemical Formula 1 or 2:

[Chemical Formula 1]

R3 R4

N

40

45

50

55

in Chemical Formulae 1 and 2,

Rt —N\_N~R2

[Chemical Formula 2]

R3 R9

R7 R10

R5S—"""\_~" ~~R6
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R1, R2, R5 and R6 are the same or different, and are each independently hydrogen, an alkyl group of 1 to 20
carbon atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms or a heteroaryl
group of 2 to 30 carbon atoms,

R3, R4, R7, R8, R9 and R10 are the same or different, and are each independently hydrogen, an alkyl group
of 1 to 20 carbon atoms, a cycloalkyl group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon atoms, a
heteroaryl group of 2 to 30 carbon atoms or a structure represented by the following Chemical Formula 3, where
adjacent two or more substituents among R7 to R10 are bonded to form a hydrocarbon ring,

at least one of R3 and R4 is the structure represented by the following Chemical Formula 3, and

at least one of R7 to R10 is substituted with the structure represented by the following Chemical Formula 3, or
in case where adjacent two or more substituents among R7 to R10 are bonded to form a hydrocarbon ring, at
least one of carbon atoms forming the hydrocarbon ring is substituted with the structure represented by the
following Chemical Formula 3:

[Chemical Formula 3]

—<c—0 ( CH» CH, 0 )n A

in Chemical Formula 3,

n is a repeating number of a unit in parenthesis and an integer of 1 to 30, and
A is a nitrogen (N)-containing alkyl group of 1 to 20 carbon atoms or a nitrogen (N)-containing heteroaryl group
of 2 to 30 carbon atoms.

16. The method for manufacturing a substrate for nucleic acid amplification according to claim 8, wherein the primer is
a primer of at least one type.
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FIG.1
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FIG.2
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FIG.3

19



FIG.4

60

6lL¢
66" 0'¢

0670

60"

&

by

ot

wdd

EP 3 821 982 A1

r
%

(S ..

€N

20

«©

SN NN N

e S U S e e e G OO0 GO 0D G B B B S OT OO OO QO OO O

.507

.935
919
2911
509
505
.318
316
304
300

.133
21
2110
.099
088
078
067
056
045
.033
.800
213
203
192
426
415
403
312
309
307
.961
.950
939
.985
.926

845
.833
819
813
.808
197
744
739
732
729



EP 3 821 982 A1

FIG.5
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FIG.8
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